JAMES   PRESCOTT   JOULE     135
were specially prepared in these subjects by their tutor,
Tappenden, before they went to Dalton. Even after this
the pupils spent the first two years in two weekly lessons of
one hour covering the same ground. They were not
pleased with this,, and when Dalton suggested they should
proceed to the higher mathematics before starting chemistry,
they declined. It is interesting to note the leisurely approach
of the founder of modern chemistry to laboratory experi-
ment in the teaching of chemistry, and his emphasis on the
importance of mathematics. Through this attitude the
Joules received little instruction in chemistry from Dalton,
as his course was ended in 1837, owing to a severe attack of
paralysis,
J, T. Bottomley writes that Dalton taught the Joules
arithmetic, algebra and geometry, and then natural philo-
sophy from Cavallo's textbook, and then chemistry from
his own New System of Chemical Philosophy.
It is possible that in this short period of instruction and
contact Dalton communicated or strengthened in Joule
intellectual attitudes of imperishable value. Dalton had
established the atomic theory of chemistry by introducing
systematic measurement and quantitative comparison into
the investigation of the chemically equivalent weights of
elementary substances, and abiding by the implications of
measurements. As Osborne Reynolds has remarked, the
chief distinction between Dalton and Joule and their early
contemporaries was the same, namely, the substitution of
quantitative measurement for phenomenal experiments.
Joule arrived at the law of the conservation of energy
through systematically measuring several physical and
mechanical effects, and comparing them with the equivalent
electrical effect. The works of Dalton and Joule are both
distinguished by the emphasis on measurement, and inde-
pendent reliance on its results. The relation of Joule to
Dalton is inevitably compared with that of Faraday to Davy.
All of these men received no higher education in the ordinary
sense apart from self-instruction. Faraday acquired the
technique of research during long years of daily labour with
Davy, and had scarcely a thought of making an independent

